Abstract: Ear acupuncture stimulation has been used for body weight reduction as early as the 1970s. Several hypotheses have been proposed in literature regarding its mechanism of action, among which are the effects of the stimulation of the hypothalamic satiety center on decreased neuropeptide Y production. Here, we present another possible mechanism to account for the temporary and short-term effects of ear acupuncture stimulation in the treatment of obesity, the sympathetic effects of the autonomic nervous system. 14 female volunteers underwent a randomized clinical trial of the ear acupuncture stimulation. A prospective, sham-point control, crossover study was performed with two sequential four-week stimulation periods separated by a two-week washout interval. The clinical features of and effects on the autonomic nervous system were recorded and analyzed. Decreased body weight was observed in both the experimental and the control groups in the first 4 weeks of stimulation. Sympathomimetic effects were also noted in both groups. Whereas the sympathomimetic effects and body weight reduction were sustained in the experimental group in the second 4 weeks of stimulation, such effects were not observed in the control group. Some sympathomimetic effects were noted in both the experimental and the control groups initially. This effect remained apparent in the experimental group in sequential stimulation but was lost in the control group. Consequently, we believe that sympathomimetic effects may account for the reduction in body weight by temporarily increasing basal metabolic rate and decreasing appetite, but the body may regain weight after the termination of such effects. Accordingly, the combination of an optimal exercise and diet program with repeated acupoint therapy may be necessary to maintain a healthy body weight.
Introduction
Obesity is a serious global epidemic (Brownell, 1982) . A report from CDC disclosed that 34% of Americans are overweight and 27% are obese (National Center for Health Statistics, 2002) . The prevalence of obesity in established market economies is estimated to be 15 ∼ 20% (Seidell, 2000) . People are now seeking ways to lose body weight with either modern or complementary medicine.
Acupuncture has been used to treat a variety of diseases in China for more than 3,000 years (Ernst et al., 2007; Cabioglu and Cetin, 2008; Lin and Chen, 2008) . Other derivative maneuvers such as ear and hand acupunctures, acupressure, and moxibustion are also popular in the Chinese society and are becoming more widely accepted by the Western world. Ear acupuncture was introduced as a treatment for obesity in the mid-70s (Mok et al., 1976; Sacks, 1975; Giller, 1975) . In recent decades, it has become a popular therapeutic regimen in body weight reduction worldwide, although it is still excluded in the list of therapeutic options recommend by the WHO (Anonymous, 1998; Richards and Marley, 1998; Zhao et al., 2000; Asamato, 1992) .
Technically, ear acupuncture is easy to perform. It is also relatively inexpensive and has minimal adverse effects (Lao, 1996; Yamashita et al., 1998) . These factors account for its wide acceptability as a therapeutic option in the treatment of obesity (Bahadori et al., 2000) .
Evidence-based studies in the literature have concerned the mechanism of ear acupuncture stimulation in body weight reduction (Lacey et al., 2003; Shiraishi et al., 2003; Pittler and Ernst, 2005) . However, in our clinical practice, such weight-loss effects appear to be temporary and short-lasting. People regain weight soon after the treatment. Thus, we hypothesize that although ear acupuncture may reduce weight as shown by prior studies; such effects are immediate and short-term and disappear soon after the therapy (Lacey et al., 2003; Shiraishi et al., 2003; Pittler and Ernst, 2005) . Here, we present our clinical observation of the phenomenon of sympathomimetic effects during ear acupuncture stimulation.
Methods

Study Design
A randomized, prospective, single-blind, crossover study was conducted on 14 medical staff volunteers ( Fig. 1) consisting of Chinese women aged 24 to 46 years (average age 34 years) and body weight ranging from 55 to 80 kg (at least 10% higher than the individual's ideal body weight). They are familiar with acupuncture and gave consent to participate in the study. Each participant was randomly assigned to receive either true acupoints for body weight reduction or sham points (Lacey et al., 2003) . The initial study period spanned four weeks, with ear acupuncture on one ear for one week and the other ear on the second week, alternating every week throughout the four-week period. After four weeks of stimulation, there was a two-week interval for washing out the effect of the previous stimulation. Subsequently, the control and experimental groups were switched such that the group that previously received true acupoints for body weight reduction now received ear acupuncture at sham points and vice versa. Any weight change greater than one kg, pupil size change greater than Figure 1 . Trial profile and design of ear acupuncture stimulation for body weight reduction. Fourteen obese female medical staff volunteers were assigned randomly into 2 groups. Group A (n = 7) was assigned as study group and group B (n = 7) as control group. After stimulation for 4 weeks, it was stopped for 2 weeks to wash out the acupoint stimulation and then cross over the study group. After the course of these events, we observed the final results.
one mm, and systolic and diastolic blood pressure change greater than 5 mmHg from baseline were deemed significant and considered as such in subsequent statistical analyses.
Ear Acupuncture
A standard set of ear acupoints were chosen by our staff at the Institute of Acupuncture and Moxibustion based on Traditional Chinese Medicine (TCM) theory and our clinical experience. In the study group, ear press needles were inserted at (1) hunger, (2) stomach, (3) lung, and (4) sanjiao points. In the control group, the needles were inserted at the sham points near (1) eye, (2) frontalis, (3) clavicle, and (4) finger (Lacey et al., 2003) .
Autonomic Effect Observation
In this study, we monitored 14 staff volunteers by daily recording autonomic nervous system effects including body weight, heart rate, blood pressure, respiratory rate, pupil size, abdominal distention, hunger, constipation, thirst, perspiration, micturition (frequency), defecation, activity, energy, and abdominal circumference.
Statistical Analysis
Body weight reduction was regarded as significant if there was at least one kg weightloss during a four-week stimulation period. The data were analyzed with SPSS software (version 10.0). Chi-square tests were used to estimate the effects on autonomic nervous system between groups. All p-values were two-tailed; the significance value was set at 0.05.
Results
One volunteer withdrew from the secondary study due to pregnancy; all other volunteers completed the entire study. Tables 1 and 2 show the results of the effects of ear acupuncture stimulation on the autonomic nervous system in the experimental and control groups. After the first 4 weeks of ear acupuncture stimulation, there were significant differences from baseline in body weight, pupil size, abdominal distention, constipation, thirst, micturition, activity, and abdominal circumference in the experimental group (n = 6), in particular thirst (p < 0.001). In the control group (n = 7), there were significant differences from baseline in body weight, pupil size, thirst, perspiration, micturition, and activity, in particular micturition (p = 0.005). Tables 3 and 4 show the results of the effects of acupuncture stimulation on autonomic nervous system in the experimental and control groups during the second 4 weeks of acupuncture stimulation after a two-week washout period. In the new experimental group (the control group in the first trial), there were significant differences in several autonomic nervous system effects before and after the second trial: body weight, pupil size, thirst, perspiration, and activity remained significantly different from baseline; abdominal distention (p = 0.03) and constipation (p = 0.02) were also significantly different. In the new control group (the experimental group in the first trial), pupil size and thirst remained significantly different from baseline; perspiration also became significantly different (p = 0.43 to 0.03).
Comparison at 1-4 weeks
Comparison at 7-10 weeks
Discussion
According to the theory of traditional Chinese medicine, the sensory experience of the acupuncture needle is one of numbness and heaviness accompanied by radiating anesthesia, representing somatosensory stimulations (Haker et al., 2000; Knardahl et al., 1998) . Ear acupuncture does not provoke such a needle sensation, but it receives sensory input stimulations.
The concha of the ear is innervated by the great auricular nerve, the auricular temporal nerve, and the vagus nerve. The part of the cavum concha where the needles are inserted, in particular, is innervated by the vagus nerve (Peuker and Filler, 2002) . The vagus nerve is thought to interact with the cranial nerves. These nerves share a common path to the brain and may interfere with appetite signals in the gastrointestinal tract (Lacey et al., 2003; Dung, 1986) .
In literatures, the auricular points used in the treatment of obesity include "Hunger," "Stomach," and "Shenmen" (Mok et al., 1976; Giller, 1975; Shafshak, 1995; Sun and Xu, 1993; Cabioglu et al., 2007) .In this study, we used (1) hunger, (2) stomach, (3) lung, and (4) sanjiao as therapeutic points based on the literatures and our clinical experience. The (1) eye, (2) frontalis, (3) clavicle, and (4) finger points were selected as sham points since these points in theory are not linked to the internal organs.
It has been shown that auricular stimulation by acupuncture may modulate feedingrelated hypothalamic neuronal activity, primarily affecting satiation on rats (Shiraishi et al., 1995) . Auricular vagus nerve stimulation has been shown to reduce hypothalamic orexines production and also decrease neuropeptide Y production in the arcuate nucleus (ARN) on healthy volunteers and mildly obese patients (Kim et al., 2001) , with subsequent feeding suppression and increased lipid metabolism (Shiraishi et al., 2003) .
Acupuncture stimulation has prominent effects on the sympathetic and parasympathetic nervous systems (Knardahl et al., 1998; Sugiyama et al., 1995; Cabioglu and Arslan, 2008) . Experimental and clinical evidence suggests that acupuncture may affect the sympathetic nervous system at the hypothalamic and brainstem levels (Andersson and Lundeberg, 1995; Haker et al., 2000) . This may imply that acupuncture stimulation in healthy individuals is associated with changes in the activity of the sympathetic and parasympathetic nervous systems, depending on the site of stimulation and period of observation. We believe that the sympathetic nervous system effects by ear acupoint stimulation may play an important role in the treatment of obesity.
In the present study, (1) increased pupil size, (2) sensation of abdominal distension, (3) constipation, (4) thirst, (5) increased micturition (frequency), and (6) increased activity were observed as significantly different from the baseline in the experimental group throughout the study, whereas such effects were only observed in the control group initially. This may reflect a placebo effect on the control group. There may be a sympathomimetic effect psychologically as a volunteer is excited to join a body weight reduction program, even with acupuncture stimulation of sham points. After the initial four-week treatment and two-week washout periods, the body weight reduction effect is lost. The sympathomimetic effect may thus account for one mechanism to decrease appetite and increase energy expenditure by increasing basal metabolic rate during the stimulation period. Increased micturition is not a sympathomimetic effect but likely results from increased free water intake secondary to increased thirst.
The results from this study suggest that the treatment of obesity with ear acupuncture only has a temporary and short-lasting effect through the sympathomimetic mechanism. Without additional treatment or repeated acupoint stimulation, the individual may return to her baseline body weight. In conclusion, this study serves as a reminder that one should not expect a long-term body weight reduction effect by ear acupuncture stimulation alone.
